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Brain Cancer
● Glioblastoma multiforme (GBM)

○ Most common brain cancer
○ grade IV - astrocytoma
○ poor survival (median survival 14 months)

● Lower grade glioma (LGG)
○ grade II/III - diffuse.
○ mix histology: astrocytoma; oligodendroglioma; oligoastrocytoma
○ better survival.
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Histological grading inversely 
correlates with outcome

Diagnostic concordance of histological grading between multiple observers: 50-75%

F. Barthel, MD. Anderson



2 Marker Paper

TCGA Glioma Updates {EST. 2006}

Version 1.0 (2008)

Version 2.0 (2013)

~200 TCGA GBM

~540 TCGA GBM
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Verhaak et al. 2010

Noushmehr et al. 2010
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TCGA Glioma Updates {EST. 2006}

Version 1.0 (2008)

Version 2.0 (2013)

Verhaak et al. 2010

Noushmehr et al. 2010
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GBM Marker Paper, v2 
Cell, 2013 
(presented by Roel Verhaak - 2nd TCGA Symp.)

● Identified novel 
mutations and 
rearrangements in 
EGFR.

● TERT promoter 
mutation correlates with 
expression (role in 
telomerase 
reactivation).

● G-CIMP confirmed with 
best survival 

Youtube Video:
https://goo.gl/tjgLmB



9% of GBM; Proneural G-CIMPs:
● Younger
● Better Survival
● IDH1mutants
70-95% of LGGs

IDH1 & IDH2 mutations in glioma

Yan et al. NEJM 2009, Noushmehr et al. 
Cancer cell 2010, Brennan et al. Cell 
2013, TCGA Research Network, NEJM, 
2015 (in press)



Epigenomic Landscape across 10,000+ TCGA Tumors

Camila Souza & Cassio Henrique, USP



LGG GBM

Epigenomic Landscape across 10,000+ TCGA Tumors

Testicular
Cancer
Sperm or 
Seminomas are 
mostly
unmethylated

Camila Souza & Cassio Henrique, USP



IDH mutations correlate with favorable outcome in GBM 
and Astrocytoma (e.g. LGGs)

GBM Anaplastic Astrocytoma

Yan et al. NEJM 2009, Noushmehr et al. Cancer cell 2010, Brennan 
et al. Cell 2013, TCGA Research Network, NEJM, 2015 (in press)



LGG Marker Paper 
NEJM, 2015 - in press 
(presented by Daniel Brat - 3rd TCGA Symp.)

● 1) IDHmut-codel; 
● 2) IDHmut-non-codel; 
● 3) IDHwt (GBM-like)

○ IDH wild-type LGGs, regardless of histology, 
had genomic aberrations and clinical 
behavior similar to primary glioblastoma. 

○ Nearly all IDH-mutant LGGs without 1p/19q 
co-deletion had mutations in TP53 (95%) 
and ATRX was frequently inactivated (84%). 

○ LGGs that were IDH-mutant and1p/19q co-
deleted had the most favorable clinical 
outcomes and were associated with 
mutations in CIC, FUBP1, NOTCH1 and the 
TERT promoter.  

Youtube Video:
https://goo.gl/qoqG38



GBM Marker Paper, v2 
Cell, 2013 
(presented by Roel Verhaak - 2nd TCGA Symp.)

LGG Marker Paper 
NEJM, 2015 - in press 
(presented by Daniel Brat - 3rd TCGA Symp.)



● AWG - formed 1.5 year ago; 
Analysis is currently in the writing stage (submission soon). 
● Characterize the molecular differences 

between LGG and GBM 
● Understand the LGG-GBM-like (IDHwt) 

and the G-CIMP-LGG-like (IDHmut)

Pan-Glioma (LGG+GBM)



Clinical & Molecular characteristics of 1,122 
Gliomas

● GBMs (606) vs 
LGGs (516)*.

● Addition of 290 
LGG since NEJM 
2015

● IDH status known 
for 87% of the 
samples.

Floris Barthel, LGG-GBM AWG*updated recently



Molecular profiling of the largest 
glioma dataset to date

● Gene expression 
n=1,045

● DNA copy number 
n=1,084

● DNA methylation 
n=932

● Somatic mutation 
n=804



Genomic Landscape

★ GISTIC found 57 disjoint amplification and 
105 deletion regions (N=1084)

★ MutSig found 100 genes; 30 of which were 
previously reported (Brennan et al. Cell 
2013; LGG Marker paper, NEJM 2015). 

★ Usual Suspects: IDH1, TP53, ATRX, 
EGFR, PTEN, PIK3CA, PIK3R1, NF1

(Lawrence, Stojanov et al. 2013,  Mermel, Schumacher et al. 2011)



Novel glioma driving oncogenes 

Possible oncogene
Possible tumor suppressor gene

 This distinction is based on evidence in literature and patterns of mutation.
F. Barthel, MD. Anderson



Genomic Landscape of Gliomas by Pathways

F. Barthel, MD. Anderson



Genomic Landscape of Gliomas by Pathways

F. Barthel, MD. Anderson



F. Barthel, MD. Anderson



RNA sequencing Cluster
reveals 4 distinct clusters

Michele Ceccarelli, UofSannio



RNA sequencing Cluster
reveals 4 distinct clusters

● LGr1-3 dominated 
by IDHmuts

● LGr4 dominated 
by IDHwt

Michele Ceccarelli, UofSannio



DNA methylation reveals 2 macro 
groups with 3 clusters per group

IDHmut

Thais Sabedot, USP

IDHwt



Expression DNA methylation

Tumor Map (exp+dna methylation)
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IDHwt
IDHwt
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DNA methylation profiles across 
IDH status
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Thais Sabedot, USP

1p19q-codel



Kaplan-Meier Survival Curves separated by IDH 
status

IDHmut

IDHwt

Thais Sabedot, USP



Tathiane Malta, Michele Ceccarelli, USP



Two subgroups of LGm1

Tathiane Malta, Michele Ceccarelli, USP



Two subgroups of LGm1

Tathiane Malta, Michele Ceccarelli, USP



Distinct Epigenome and Survival

Mean DNA methylation

Tathiane Malta, USP



Distinct Epigenome and Survival

Mean DNA methylation

Thais Sabedot & Tathiane Malta, USP



Distinct Epigenome and Survival

Mean DNA methylation

Tathiane Malta, USP



Genomic Signatures Defines Subtype



DNA methylation
49 CIMP+
32 CIMP-

Non-TCGA Data - Validation



LGm1 Hyper = 36
LGm2 Hyper = 210
LGm1 Hypo = 25 3 out of 49 are hypomethylated (6%)

LGm1+2+3 = 454
25 out of 454 are hypomethlated (5.5%)

Turcan et al. 2012 - Infinium 450K probeTCGA LGG+GBM AWG

Tathiane Malta, USP



Prognostic epigenetically regulated gene signatures 

Thais Sabedot, USP



Sturm, 2012
   a  136 GBM
      (59 pediatric; 77 adult)
Lambert, 2013
       61 Pilocytic astrocytoma
Turcan, 2012
       81 LGG
Mur, 2013
      46 oligodendroglial tumors

Thais Sabedot, USP

Prognostic epigenetically regulated gene signatures 
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